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Over the years, off-grid solar energy system usage has gained traction around the world - primarily 
due to the environmental benefits offered, and also facilitating decentralized generation and 
consumption of electricity in the remote-most pockets. Subsequently, the research on the variety 
of solar-powered off-grid system applications has attracted much attention and has led to an 
expansion in the literature. Through a bibliometric analysis, this study aims to identify the most 
influential research done by academic stakeholders who have contributed in the field of solar off-
grid system adoption or usage. To achieve the objectives of the study, peer-reviewed journal 
articles indexed in Scopus and Web of Science databases that are published between the period of 
1982 to 2021 are analyzed using the Bibliometrix - R package tool. The bibliometric analysis done 
in this study contributes in a number of ways. Firstly, it highlights the countries, institutes, and 
authors who are highly engaged and have significant publications in the area of off-grid solar 
system adoption. Secondly, it lists the top journals which are actively encouraging and publishing 
documents related to this area. Lastly, the study aims to provide insights regarding the research 
trends that are taking place in the field of decentralized solar energy system usage and adoption, 
which is helpful for scholars who are interested to contribute to this area of study.  
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Off-grid solar energy systems hold the potential to solve the energy poverty crisis in the developing 
nations (Thiam, 2011; Urpelainen, 2016; Yadav et al., 2019). On the other hand, considering the 
economic and environmental safety aspect, the decentralization of renewable energy sources offer 
simultaneous production and consumption of affordable ‘clean energy’ - which is among the 17 
global Sustainable Development Goals (SDGs) designed by the United Nations General Assembly 
(UNGA), with an aim to achieve a sustainable future for the planet (UNDP, n.d.). As a result, the 
need to address the pressing concerns to end energy poverty and safeguard the environment 
through more use of clean energy, off-grid solar adoption studies have gained much attention and 
traction across the global research community over the years (Samarakoon et al., 2021). 
Researchers have attempted to understand the complex multi and inter-disciplinary perspectives 
of off-grid solar energy systems adoption, ranging from technological innovations to make it more 
accessible and affordable, and to evaluate the socio-economic benefits that the consumers would 
perceive about off-grid solar energy systems (Amuzu-Sefordzi et al., 2018; Claudy et al., 2013; 
Khan, 2020; Sindhu et al., 2016). Despite there being ample empirical researches in this area of 
study, there is a  dearth of bibliometric literature availability, especially related to off-grid solar 
adoption or usage. Therefore, conducting a bibliometric review using the Bibliometrix – R tool, 
this paper integrates and provides an organized summary of the existing research in the field of 
solar off-grid system adoption or usage by identifying the influential research studies done across 
the years, which further helps to build knowledge, gain understanding, and lastly show the future 
direction in this research area.  
 
This study successfully answers the following research questions:  
• What is the annual scientific publication growth in off-grid solar adoption or usage? 
• Who are the most productive authors in this area? 
• Which journals do the authors mostly publish their articles in?  
• What are the keywords used by the authors in their articles? 
• Which universities are the authors affiliated in the area of off-grid solar adoption or usage?  
• Which countries collaborate more in the area of off-grid solar adoption or usage?  
 
The upcoming sections discuss in detail about the bibliometric study methodology; findings, and 
results of this bibliometric analysis; and lastly the conclusion, and future research area topics. 
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2. Data sources and Methodology 
 
2.1 Data Sources 
The Bibliographic information about the off-grid solar energy systems adoption was derived from 
two popular comprehensive academic journals abstract and citation based database sources – 
Scopus and Web of Science. Launched in 2004 by the Dutch information and analytics company 
- Elsevier, Scopus is one of the largest database for peer-reviewed literature, covering over 77.8 
million core records and 23,452 peer-reviewed journals with 5,500 fully open access journals  
(Elsevier, 2010). Similarly, the Web of Science (WoS) Core Collection covers over 75 million 
records and 21,100 peer-reviewed journals across 254 disciplines (Clarivate, n.d.). The WoS 
website is currently maintained by Clarivate Analytics, and the citation indexes covered in the 
WoS Core Collection database include – Science Citation Index (SCI), Social Sciences Citation 
Index (SSCI), Arts & Humanities Citation Index (AHCI), Conference Proceedings Citation Index 
(CPCI), Book Citation Index (BCI), Emerging Sources Citation Index (ESCI), Index Chemicus, 
and Current Chemical Reactions (Matthews, n.d.). 
 
The search terms used in both the sources were different, as one particular search phrase did not 
yield the same amount of records in both the databases. For instance, the search term 
“solar  AND  decentralized  OR  off-grid  AND  adoption  OR  usage” was used in Scopus, which 
yielded 115 journal articles between the period of 1984 to 2021 as results. Alternatively, (TITLE-
ABS-KEY(solar) AND TITLE-ABS-KEY(off-grid OR decentralized) AND TITLE-ABS-
KEY(usage OR adoption)) AND ( LIMIT-TO ( DOCTYPE,"ar" ) ) can be used in the advanced 
search box to yield the same result. However, for WoS, the search phrase used was ("Solar" 
"adoption"  NOT wind NOT hydro NOT biomass) Refined by: DOCUMENT 
TYPES: (ARTICLE). The WoS database yielded 573 journal articles for the period between 1982 
to 2021. Altogether, 688 exclusively peer-reviewed journal ‘articles’ across 2 datasets were 
retrieved using the search procedure. Book Chapters, conference proceedings, review papers, and 
other document types are omitted in this study. Upon merging both the Scopus and WoS datasets 
using the Biblioshiny() function in the Bibliometrix - R package, 38 duplicate records were 
removed and a single file was created with 650 records for the Bibliometric analysis and study. 
The search results were captured on April 28, 2021. Fig.1. describes the data collection flow 
process using a flow chart.   
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Bibliometric analysis, as appropriately stated by (Garfield et al., 1964; WHITE & MCCAIN, 1989) 
is a quantitative approach for analyzing academic literature using bibliometric information to 
provide the description, evaluation, and monitoring of the published research in a particular field 
of study. As per (van Raan, 2004), the bibliometric analysis provides researchers with a consistent 
and standardized set of quantitative indicators which also assist in qualitative inferences and 
insights. The spectrum of bibliometric methods include publication pattern analysis, bibliographic 
coupling (co-citation and co-occurrence), and citation analysis of scientific papers and patents 
(Wallin, 2005). Although a standalone bibliometric analysis is done using a combination of the 
methods, Citation analysis is a widely used method to evaluate the research performance. 
According to (Kostoff, 1998), ‘Citation analyses generate relatively short-term quantifiable items, 
they have the appearance of short-term research impacts, and are therefore attractive candidates 
as short-term proxies for research impact and perhaps quality’. Citation analyses can be carried 
out at different aggregation levels i.e. at country level, further using institutional names, and also 
from the list of publications at the institutional level (Wallin, 2005).  
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(Dervis, 2019) on the other hand suggest that the conventional methods used in citation analysis 
are bibliographic coupling, co-citation, co-author, and co-word. Bibliographic coupling is referred 
to as the overlapping of the reference list of publications. If the references cited in two publications 
are common and large in numbers, the stronger the bibliographic coupling relation between the 
publications would be. In other words, two publications are bibliographically coupled if there is a 
third publication that is cited by both publications (Kessler, 1963). Contrastingly, co-citation is 
considered as the counterpart of bibliographic coupling because, in this method, two records or 
publications are cited in a third publication, opposite to what is done in bibliographic coupling.  
 
In this study, the bibliometric analysis has been performed using the Bibliometrix – R package 
tool, designed and developed by (Aria & Cuccurullo, 2017). The Bibliometrix – R package 
facilitates a comprehensive bibliometric analysis employing specific tools for both bibliometric 
and scientometric quantitative research. The bibliometrix tool is written in R programming, which 
as stated by its developers, is an open-source software with rich statistical capabilities beneficial 
for scientific computing. Compared to other open-source software such as CiteSpace and 
VOSViewer, Bibliometrix not only offers data visualization features but also focuses on the 
correctness and statistical completeness of the results (Dervis, 2019). The Bibliometrix package 
can be downloaded free from the developers’ website. A simple Google search query with the 
‘Bibliometrix R download’ will lead the user to the developers website, and the package then can 
be downloaded from that webpage. To access the Bibliometric package, the freely available to 
download - R-Studio software or the graphical user interface (GUI) of the R programming 
language, has to be downloaded and installed on the user’s Window/Linux/MacOS operating 
system supported computer. Once the R-studio is installed, the Bibliometrix R package has to be 
installed using the R Studio console, and the Biblioshiny() function has to be executed for 
performing the bibliometric analysis. Upon the execution of the biblioshiny() function, the 
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3. Results & Discussion 
 
3.1 Production 
The scientific production of off-grid solar adoption or usage articles between 1982 to 2021 
demonstrate an incremental trend with an annual growth rate of 15.59 percent, especially surging 
from 2005 onwards. Fig. 2. depicts the annual scientific production across the four-decade 
timespan. In 2020, the scientific production hit the peak with 121 articles and is expected to surpass 
140 articles in the subsequent year, based on the annual growth rate. Table 1. summarizes the main 
bibliometric data information. Through the main information overview it is observed that, about 
2,169 authors have contributed in this field of study so far across 211 sources. Additionally, there 
are 67 single-authored documents and 1,806 multi-authored documents. Furthermore in terms of 
citations, the average citations per document are 18.33 which is certainly appreciable, and the 




















Fig. 2. Annual Scientific Production of off-grid solar adoption studies 
Source: Graph generated using Bibliometrix - R tool 
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The bibliometric analysis at the Authors level demonstrate the following indicators – most relevant 
and highly cited authors in this field, authors production over time, co-citation network, and 
authors collaboration network. Table 2. lists the most relevant authors and highly cited documents 
globally in this field of study. Additionally, Fig. 3. depicts the authors’ production over the years, 
with details including the number of documents published and Total Citations (TC) obtained in 
the particular year. The different sizes of the circle indicate the volume of documents published, 
and on the other hand, the different shades depict the TC count – with darker shades indicating 
more number of citations. Interestingly, the authors who have been historically cited based on their 
earliest work can also be viewed through the historiograph in Fig. 4. Faiers A, 2006, is observed 
to be the earliest cited author. 








Sources (Journals, Books, etc.) 211 
Documents 650 
Average years from publication 4.4 
Average citations per documents 18.33 







Article; Book chapter 7 
Article; Early Access 10 
Article; Proceedings paper 5 
Keywords Plus  1917 
Author's Keywords 2075 
 
Authors 
Author Appearances 2169 
Authors of single-authored documents 67 





Single-authored documents 76 
Documents per Author 0.347 
Authors per Document 2.88 
Co-Authors per Documents 3.34 
Collaboration Index 3.15 
Table. 1.  
Main Information about off-grid solar adoption – Scopus and WoS based bibliometric data 
Source: Author’s compilation 
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SL  Documents Total Citations TC per Year Normalized TC 
1 Lei Y, 2011, Atmos Chem Phys 309 28.091 7.3823 
2 Bollinger B, 2012, Market Sci 286 28.6 4.6752 
3 Stasinakis As, 2008, Global Nest J 223 15.929 2.8382 
4 Powell Dm, 2012, Energy Environ Sci 210 21 3.4328 
5 Bortolini M, 2014, Energy Convers Manage 173 21.625 4.5871 
6 Faiers A, 2006, Energy Policy 168 10.5 1.8462 
7 Snaith Hj, 2012, Energ Environ Sci 163 16.3 2.6645 
8 Landeras G, 2008, Agr Water Manage 155 11.071 1.9727 
9 Graziano M, 2015, J Econ Geogr 139 19.857 4.293 
10 Krotscheck C, 1996, Ecol Eng 138 5.308 1.4577 
11 Schelly C, 2014, Energy Res Soc Sci 128 16 3.3939 
12 Faiers A, 2007, Energ Policy 127 8.467 2.1167 
13 Acker Rh, 1996, Energy Policy 117 4.5 1.2359 
14 Rai V, 2015, Environ Modell Softw 108 15.429 3.3356 
15 Michelsen Cc, 2012, Energy Econ 106 10.6 1.7328 
16 Ondraczek J, 2015, Renew Energy 104 14.857 3.212 
17 Tazvinga H, 2015, Energy Convers Manage 102 14.571 3.1503 
18 Puzzolo E, 2016, Environ Res 100 16.667 3.445 
19 Kwan Cl, 2012, Energy Policy 98 9.8 1.602 
20 Noll D, 2014, Energy Policy 95 11.875 2.5189 
Table. 2.  
Most relevant authors and highly cited documents globally 
Source: Bibliometrix – R tool; Author’s compilation 
Fig. 3. Authors production over time 
Source: Graph generated using Bibliometrix - R tool 
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The Collaboration Index (CI) as per the main information overview is 3.15, which is derived by 
dividing Total Authors of Multi-Authored Articles by Total Multi-Authored Articles (Citation: 
Elango & Rajendran, 2012; Koseoglu, 2016). Fig. 5a and Fig. 5b. demonstrate the author 
collaboration network and the co-citation network respectively. The collaboration network 
showcases 13 clusters with 30 authors who have collaborated with each other for their studies. The 
clusters having large sizes denote the maximum closeness between the authors in terms of 
collaboration. Similarly, isolated authors belonging to the same cluster denote less closeness with 
low collaboration. These studies are mostly standalone studies with single authors. In the co-
citation network graph, it is observed that there are primarily three clusters which are colored red, 
green, and blue. Similar to the collaboration network, the co-citation network clusters are also 
formed on the basis of their closeness, however, the factor of their proximity is co-citations instead 
of co-authors. Fig. 6. highlight the most contributing documents using a factorial map. Since 
Bibliometrix – R tool allows factorial analysis to determine the conceptual structure of the 
  
Fig. 4. Historiograph depicting the Historical Direct Citation Network 
Source: Graph generated using Bibliometrix - R tool 
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Fig. 5a. Collaboration Network of the Authors 
Source: Graph generated using Bibliometrix – R tool 
Fig. 5b. Co-citation Network 
Source: Graph generated using Bibliometrix – R tool 
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bibliometric data, is an interesting black-box-based alternative to view the cluster components 
on the basis of closeness calculated using the Correspondence Analysis (CA) multivariate 
statistical technique. The dimensions or factors that are considered are keywords, no. of 
documents per authors, and TC. As observed in the figure, the documents are divided into 3 
clusters across 2 dimensions or factors. 6 documents belonging to cluster 1 and 4 documents 
belonging to cluster 2 are ranked with the highest contributions as they fall under the positive 





















With respect to the sources or journal level bibliometric analysis, the commonly used indicators 
are the number of articles that are related to the field of the study published in the journal, h-
index, g-index, m-index, TC, and the year of journal inception – for evaluating the age of the 
journal. Although h-index, g-index, and m-index are author-level metrics to measure the 
Fig. 6. Factorial Map of the documents with highest contributions 
Source: Graph generated using Bibliometrix – R tool 
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productivity and citation of an author’s publication or scholastic work (Hirsch, 2005), however, 
these metrics can also be used to evaluate the journal performance. For instance, referring to 
the fundamental concept of h-index i.e. an author having h number of articles published, having 
h or more number of citations, therefore the performance of the article directly impacts the 
performance of the journal. In other words, the higher the h-index, the better the journal. 
Likewise, the g-index is defined as the number of top g articles that are cited an average of g 
times (Choudhri et al., 2015). m-index on the other hand is a variant of g-index where an author’s 
h-index is divided by the number of years since his or her first publication. The journal 
performance and impact metrics are listed in Table 3. Additionally, Fig. 7. demonstrates the 






SOURCE                        ISSN ARTICLES H_INDEX G_INDEX M_INDEX        TC PY_START 
Energy Policy 3014215 118 33 50 1.26923077 3078 1996 
Renewable Energy 09601481 51 18 31 0.9 1038 2002 
Energy Research & Social Science 22146296 43 15 27 1.875 767 2014 
Journal Of Cleaner Production 09596526 35 15 22 1.36363636 528 2011 
Sustainability 20711050 22 6 10 0.85714286 119 2015 
Energy For Sustainable Development 09730826 20 8 15 0.72727273 233 2011 
Environmental Research Letters 17489326 17 9 17 0.81818182 371 2011 
Renewable & Sustainable Energy Reviews 13640321 15 5 8 1.66666667 74 2019 
Energy Economics 01409883 9 5 9 0.5 199 2012 
Technological Forecasting And Social Change 00401625 9 7 9 0.63636364 159 2011 
Applied Energy 03062619 8 4 8 0.57142857 90 2015 
International Journal Of Energy Sector 
Management 
17506220 7 3 4 0.23076923 24 2009 
Journal Of Renewable And Sustainable 
Energy 
19417012 7 5 6 0.55555556 48 2013 
Sustainable Cities And Society 22106707 7 3 7 0.6 85 2017 
Energy & Environmental Science 17545692 5 5 5 0.5 446 2012 
Energy Journal 01956574 5 2 5 0.2 38 2012 
Journal Of Environmental Management 10958630 5 4 5 0.57142857 39 2015 
Resources Conservation And Recycling 18790658 5 4 5 0.57142857 46 2015 
Utilities Policy 09571787 5 4 5 0.8 43 2017 
Ecological Economics 09218009 4 4 4 0.14814815 44 1995 
Table. 3.  
Journal performance metrics 
Source: Author’s compilation 
For the Journal – Library, Philosophy, & Practice (LPP) 























3.4 Affiliation and Country-level analysis 
Affiliation refers to the institutions or research agencies wherein the authors are either employed 
or are professionally associated to undertake the research in their respective field of study. Fig. 
8a. highlights the top 20 universities/institutions wherein the authors are affiliated. As observed 
from the figure, the majority of the institutes are located in the United States, followed by the 
United Kingdom, Australia, and Sweden. Fig. 8b. highlights interesting data regarding the 
corresponding author’s country, and also the number of single-country publications, and 
multiple-country publications made based on authors collaboration. Alternatively, Fig. 8c. 
demonstrates the global-level author collaboration using a world map and collaboration linkage. 
In terms of most citations received from the scholarly output in the field of off-grid solar 
adoption or usage (see Fig. 9a), the United States tops the list with about 4,000 citations, 
followed by the United Kingdom, Germany, China, and Australia, having the citation count 
Fig. 7. Journal growth between 1982 and 2020 
Source: Graph generated using Bibliometrix – R tool 
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range between 500 and 1,000. Interestingly, Greece tops the average citations per year having 












































Fig. 8a. Most contributing Affiliations 
Source: Graph generated using Bibliometrix - R tool 
Fig. 8b. Corresponding Author’s Country 
Source: Graph generated using Bibliometrix - R tool 
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Fig. 8c. Country Collaboration Map 
Source: Graph generated using Bibliometrix - R tool 
Fig. 9a. Most cited countries 
Source: Graph generated using Bibliometrix - R tool 
For the Journal – Library, Philosophy, & Practice (LPP) 






















3.4 Thematic Trend Analysis 
The thematic trend analysis isn’t usually performed in the standard bibliometric analysis. 
However, using the Bibliometrix – R tool’s thematic map feature, the study highlights the 
keywords used in the off-grid solar adoption studies, and also determine the evolution of the 
research areas across the years through the trend topic function. Fig. 10. depicts a three-field 
plot hosting three parameters including the corresponding author’s country, name of the authors, 
and lastly, keywords that define the central theme of the article. The graph can be understood 
by observing the example of the study of solar PV conducted by Higgins A in Australia. It is 
observed that a single broad strand emerging out of Australia connects the author Higgins A, 
and further connects the solar PV keyword, thereby establishing a thematic link between the 
nature of the study, the author, and the country where the research is conducted. In terms of 
focusing only on the keywords and determining their commonality between the study areas, the 
conceptual structure map as depicted in Fig. 11a. provides a high-level overview of the keyword 
clusters analyzed from the bibliometric information. The three clusters are formed using Multi-
correspondence Analysis (MCA) multivariate statistical technique by determining their 
commonality.        
Fig. 9b. Countries with high average citations per year 
Source: Graph generated using Bibliometrix - R tool 
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Fig. 10. Three-field plot 
Source: Graph generated using Bibliometrix - R tool 
Fig. 11a. Conceptual Structure Map of keywords 
Source: Graph generated using Bibliometrix - R tool 
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Fig. 11b. demonstrates the off-grid solar adoption or usage sub-topics and keyword trends over 
the years. The keywords that are frequently used are ‘solar’, ‘solar’ pv’, ‘technology adoption’, 
energy policy’, ‘photovoltaics’, ‘rural electrification’, and ‘adoption’. This is because of their 
nature of generality and broad area of study. Furthermore, the maturity of these topics on which 
several prior research work has already been done can also be observed through the three-field 
graph in Fig. 10, which highlights the authors who have carried out research studies on these 
exact topics. However, diving deeper into the niche segments within the solar-based research 
topics, the topics that have gained traction are ‘distributed generation’, ‘energy efficiency’, 
‘diffusion of innovations’, ‘sustainability’, ‘energy access’, ‘India’, ‘households’, ‘barriers’, 
‘feed-in-tariff’, and ‘energy transition’. It can be assumed that the latter most keywords are 
emerging topics in the field of off-grid solar adoption, thereby having less frequency than the 
























Fig. 11b. Trend topics  
Source: Graph generated using Bibliometrix - R tool 
For the Journal – Library, Philosophy, & Practice (LPP) 




The aim of this study was to identify the trends in off-grid solar adoption or usage scientific 
production from the period between 1982 to 2021. For this purpose, a bibliometric analysis of the 
scientific metadata, sourced from two largely popular academic abstract citation databases and 
websites namely Scopus and Web of Science (WoS), was performed using the Bibliometrix – R 
tool. The analysis was conducted at five broad bibliometric indicator levels – scientific production, 
Authors, Sources or Journals, Affiliation, and Country level.  
 
The scientific production analysis revealed the annual research output growth rate of 15.59 percent. 
With more than 26,920 references cited across 650 peer-reviewed articles in 211 journals, the off-
grid solar adoption field of study have gained traction over the years more so with about 2200 
authors actively contributing to this field of study. Additionally, an article having been cited on an 
average 18 times, reinforces the active participation being witnessed in this research area globally. 
Similarly, the author-level analysis highlighted ‘Rai V, 2015’; ‘Schelly C, 2014‘; ‘Urpelainen J, 
2018‘; ‘Liu Y, 2018‘; and ‘Sigrin B, 2013‘; as the top contributing authors. The collaboration 
network and the co-citation network of the authors provide a visual representation of the authors’ 
collective contribution in the field of off-grid solar adoption or usage.  
 
The sources analysis revealed that ‘Energy Policy’, Renewable Energy’, Energy Research & 
Social Science’, ‘Journal of Cleaner Production’, and ‘Sustainability’, are the top five journals 
that have published articles in this area of study. With ‘Energy Policy’ journal being the oldest and 
also having the largest articles in the field of off-grid solar adoption or usage among the five, it 
has a total citation count of 3078, and the h-index and g-index as 33 and 50 respectively. The other 
journals thereby being newer than ‘Energy Policy’ understandably have lesser citations, h-index, 
and g-index counts. In terms of affiliations, ‘The University of Texas at Austin’; ‘Michigan 
Technological University’; National Renewable Energy Laboratory, USA’; ’University of 
California, Berkeley’; and ‘University of Oxford, England’ are the top five institutes affiliated with 
the authors contributing in this field of study. The country-level analysis revealed United States as 
the leading country with the most number of total citations. Interestingly, Greece ranks the highest 
with the most number of annual citations.  
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Concluding the bibliometric analysis with the thematic trend analysis to understand the evolution 
of sub-topics in the field of off-grid solar adoption, the analysis revealed some interesting emerging 
keywords that are likely to gain traction in the coming period. Therefore, future studies can focus 
more on off-grid solar adoption sub-areas such as ‘technology diffusion’, or ‘energy transition’, or 
‘impact of feed-in-tariff’ on off-grid solar adoption or usage. This bibliometric study provides the 
researchers with a head start, who wish to learn more and contribute to the field of off-grid solar 
adoption. Furthermore, this paper describes the bibliometric analysis methodology using the 
Bibliometrix – R tool in detail which would help the aspiring researchers, irrespective of their 
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